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Event horizons are (generically) not physically observable. In contrast, apparent horizons (and the
closely related trapping horizons) are generically physically observable — in the sense that they can
be detected by observers working in finite-size regions of spacetime. Consequently event horizons
are inappropriate tools for defining astrophysical black holes, or indeed for defining any notion of
evolving black hole, (evolving either due to accretion or Hawking radiation). The only situation in
which an event horizon becomes physically observable is for the very highly idealized stationary or
static black holes, when the event horizon is a Killing horizon which is degenerate with the apparent
and trapping horizons; and then it is the physical observability of the apparent/trapping horizons
that is fundamental — the event horizon merely comes along for the ride.
Keywords: Black hole; event horizon; apparent horizon; trapping horizon; Killing horizon; ultra-
local; quasi-local.
I. INTRODUCTION
Some 40 years ago Stephen Hawking predicted that
black holes will emit radiation and slowly evaporate due
to subtle quantum physics effects [1, 2]. This prediction
continues to generate heated debate, both from within
the scientific community, and (sometimes) in the pop-
ular press. See for instance Hawking’s recent opinion
piece regarding the necessity of making careful physical
distinctions between the mathematical concepts of event
horizon and apparent horizon [3]: “The absence of event
horizons means that there are no black holes — in the
sense of regimes from which light can’t escape to infin-
ity. There are, however, apparent horizons which persist
for a period of time.” (Hawking’s opinion piece was then
grossly misrepresented in the popular press, by the simple
expedient of mis-quoting a key phrase; and specifically by
suppressing crucial subordinate clauses and sentences.)
Related ideas along these lines have been mooted before,
both by Hawking himself, (“... a true event horizon never
forms, just an apparent horizon.” [4]), and (to one degree
or another) by many other researchers [5–13].
Indeed it is well-known that there are very many quite
different types of horizon one can define. At a minimum:
the event, apparent, trapping, isolated, dynamical, evolv-
ing, causal, Killing, non-Killing, universal, Rindler, par-
ticle, cosmological, and putative horizons, etcetera. (See
for instance [14–19].)
It is less well appreciated that the precise technical dif-
ferences between these horizons makes a difference when
one is worried about the subtleties of the “black hole”
evaporation process. These distinctions even make a dif-
ference when precisely defining what a “black hole” is —
the usual definition in terms of an event horizon is math-
ematically clean, leading to many lovely theorems [20],
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but bears little to no resemblance to anything a physicist
could actually measure. (Somewhat related issues also
afflict cosmology [21, 22].)
So why have event horizons dominated so much of this
discussion over the last 40 years? Certainly event hori-
zons are known to exist in classical general relativity [20–
26], but they are extremely delicate teleological construc-
tions, somehow implicitly defined by a “final cause”,
requiring that nature inherently tends toward definite
ends [27]. Mathematically, one needs to know the en-
tire history of the universe, all the way into the infinite
future, and all the way down to any spacelike singularity,
to decide whether or not an event horizon exists right
here and now. This makes event horizons unsuitable for
empirical testing in either laboratories or telescopes.
In contrast, apparent and trapping horizons are de-
fined using local (or at worst quasi-local) measurements,
meaning that they are at least in principle suitable for
testing in finite-size laboratories or telescopes.
II. DETECTABILITY OF APPARENT/
TRAPPING HORIZONS
Consider for definiteness a dynamic spherically sym-
metric spacetime. Without any significant loss of gener-
ality we can write the metric as:
ds2 = −ζ(r, t)2
{
1− 2m(r, t)
r
}
dt2 +
dr2
1− 2m(r, t)/r
+r2(dθ2 + sin2 θ dφ2). (1)
Detecting event horizons requires knowledge of m(r, t)
throughout the entire spacetime, and in particular into
the infinite future. Detecting apparent horizons, (and
the closely related trapping horizons), requires one to
evaluate the expansion Θ ∝ {1− 2m(r, t)/r} of outward
pointing null geodesics, and boils down [28] to making a
“local” measurement of the quantity 2m(r, t)/r.
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2To proceed, it is both useful and important to clarify
the meaning of the much abused word “local” by care-
fully distinguishing the concept “ultra-local” (measure-
ments made at a single point) from “quasi-local” (mea-
surements made in a finite-size region of spacetime; that
is, using a finite-size laboratory over a finite time inter-
val). The equivalence principle, (more specifically the
local flatness of spacetime), implies that no ultra-local
measurement can (even in principle) ever detect any type
of horizon. (Similarly, no ultra-local measurement can,
even in principle, detect spacetime curvature.)
The situation is quite different for quasi-local measure-
ments. In particular, it is well-known that in any finite-
size laboratory one can measure tidal effects, which are
controlled by the Riemann tensor. Then in spherical
symmetry, regardless of how one chooses to set up an
orthonormal basis in the r–t plane, in the θ–φ plane one
has:
Rθˆφˆθˆφˆ =
2m(r, t)
r3
. (2)
The point is that 2m(r, t)/r3 is certainly measurable in
a finite-size laboratory. Furthermore, by measuring the
extent to which the “verticals” converge on each other, a
finite-size laboratory can also directly measure the radial
coordinate r. Consequently in any finite-size laboratory
the quantity 2m(r, t)/r is physically measurable.
Detection of the presence (or absence) of an apparent
horizon is therefore a well-defined quasi-local observable.
Similar comments apply to the very closely related notion
of trapping horizon [14, 15, 26, 28]. For historical reasons,
Hawking himself prefers to phrase his discussion in terms
of apparent horizons. However, formal developments over
the last two decades or so suggest that a rephrasing in
terms of trapping horizons is potentially more fruitful. In
particular, some non-symmetric foliations of spherically
symmetric spacetimes can lead to rather “unexpected”
apparent horizons [29], and the trapping horizons are bet-
ter behaved in this regard. (See eg [14, 15].) In short,
detection of the presence (or absence) of an apparent or
trapping horizon is a well-defined quasi-local observable.
III. EVENT HORIZONS IN FLAT SPACETIME
A well-known but often under-appreciated aspect of
event horizons is that (contrary to common mispercep-
tions) they are not necessarily associated with strong
gravitational fields; at least not in any simple local man-
ner. In fact it is possible to arrange a situation in which
a classical event horizon forms in a portion of space-
time that is a zero-curvature Riemann-flat segment of
Minkowski spacetime.
To do this merely consider a spherically symmetric
shell of dust with a vacuum interior. (See eg [26], and
figure 1.) By the Birkhoff theorem, the spacetime in-
side the shell is a segment of Minkowski space, and the
spacetime outside the shell is a segment of Schwarzschild
spacetime, (with some fixed constant mass parameterm).
As the dust shell collapses, it will eventually cross its
Schwarzschild radius and a black hole will form. Consider
the resulting horizon. Then, as expected, to the future
of the Schwarzschild-radius-crossing event the horizon is
indeed an event horizon which is located at r = 2m.
However, there is also a portion of the event horizon
that stretches backwards from the Schwarzschild-radius-
crossing event to r = 0, the centre of the spacetime. This
portion of the event horizon is located in a segment of flat
Minkowski space.
Perhaps even worse, the very existence of this event
horizon is predicated on both the eternal immutability of
the resulting black hole, (infinitely far into the future),
and on assuming that the Schwarzschild solution con-
tinues to hold exactly, all the way down to the central
spacelike singularity.
(There is also an apparent horizon which first forms
when the shell crosses its Schwarzschild radius, and then
immediately splits, with one part of the apparent horizon
remaining at r = 2m while the second part sits on top of
the dust shell and follows it down to the centre at r = 0).
FIG. 1. The event horizon (thin solid line) reaches back into
the flat Minkowski region. Part of the apparent horizon (grey
line) follows the collapsing dust shell (dotted line) down to
the singularity (thick black line).
IV. NON-DETECTABILITY OF EVENT
HORIZONS
Consider a spherical laboratory of radius R that col-
lects data for some time duration T . Assume the equip-
ment in the laboratory to have negligible mass, so that
the gravitational self-field of the laboratory can be ne-
glected. Surround the laboratory with a spherical dust
shell; by the Birkhoff theorem all quasi-local experiments
inside the laboratory will continue to detect a Minkowski
spacetime.
Now choose the dust shell such that the mass param-
eter of the segment of Schwarzschild spacetime outside
the dust shell satisfies
2m > R+ T. (3)
3Let the dust shell go, drop it, arranging the timing so
that the dust shell crosses its Schwarzschild radius just as
the laboratory stops collecting data. Then the resulting
event horizon reaches back to engulf the entire laboratory
over the entire time interval that it was collecting data.
There is simply no way that denizens of the laboratory
could have detected the presence of the event horizon by
any quasi-local means.
Related comments can be found (for instance) in work
by Bengtsson and Senovilla [30, 31], and in the Living Re-
view of Ashtekar and Krishnan [32], and in Hayward’s ar-
ticle from the year 2000 [33]. It is perhaps a little disturb-
ing to realise that the quite serious deficiencies and lim-
itations exhibited by event horizons, while well appreci-
ated within the general relativity community, are largely
not understood or appreciated in the wider physics com-
munity.
V. DESTROYING HORIZONS
It is again well-known, if not widely appreciated, that
from the point of view of QFT the Hawking flux can be
viewed as a negative flux into the black hole [35]. This
suggests a simple toy model, a gedanken-experiment,
that can be used to capture some of the key features
of Hawking evaporation. Let us now surround the black
hole we have just considered with a second shell of neg-
ative mass dust, carefully tuned to make the total mass
of the system zero. (So, again by the Birkhoff theo-
rem, inside the inner shell the spacetime is a segment of
Minkowski spacetime, between the two shells it is a seg-
ment of Schwarzschild spacetime with some fixed mass
parameter m, and outside the outer shell it is again a
segment of Minkowski spacetime.) As the negative-mass
outer shell drops, it will eventually cross r = 2m, in the
process destroying the horizon that had (previously and
temporarily) formed due to the inner shell crossing its
Schwarzschild radius. See figure 2. (See also the related
discussion in reference [7], and in the book by Frolov and
Novikov [34].)
But what sort of horizon is/was this? Certainly there is
an apparent horizon in this spacetime. As previously, the
apparent horizon first forms when the inner shell crosses
its Schwarzschild radius, immediately splitting, with one
part of the apparent horizon remaining at r = 2m while
the second part rides the inner shell down to the centre
at r = 0 (where a curvature singularity forms). Later on,
once the outer shell drops down to r = 2m, the apparent
horizon, (suitably defined), follows the outer shell down
to the centre at r = 0. (Where the curvature singularity
then unforms.) But where is the event horizon?
Go to the event where the outer shell finally reaches
the centre, r = 0, and then in the causal past of that
event use the Schwarzschild geometry to backtrack the
“outgoing” (ie, less ingoing) null curve into the past, un-
til it eventually crosses the inner shell. This null curve
will always strictly satisfy r < 2m, and so will be strictly
inside (though asymptotically approaching) the appar-
ent horizon. Once this backtracked null curve crosses
the inner shell, from that event backtrack (now in the
Minkowski geometry) the outgoing radial null curve until
one reaches the centre r = 0. This segment of the event
horizon always lies strictly outside the relevant segment
of the apparent horizon.
FIG. 2. Part of the event horizon (thin black line) reaches
back into the flat Minkowski region, and the other part
reaches forward to the point where the singularity (thick black
line) is destroyed. Part of the apparent horizon (grey line) fol-
lows the two collapsing dust shells (dotted lines) down to the
singularity, the remaining portion lies at r = 2m between the
two shells. The event horizon and apparent horizon occur at
qualitatively different locations.
So in this toy model there is still an event horizon,
but it is not where one might have thought it should be,
and in particular does not extend to the infinite future.
Part of the event horizon lies in a Riemann-flat section
of spacetime, and the part of the event horizon that lies
in the Schwarzschild segment of the spacetime does not
occur at r = 2m. One cannot even begin to calculate the
location of the event horizon until one has final definitive
information that the spacetime has stabilized into its fi-
nal form. One could always posit yet a third dust shell,
waiting in the wings, ready to engulf the entire region of
interest with an unexpected event horizon. In counter-
point, there are a number of models in which the event
horizon never forms in the first place.
VI. EXCLUDING HORIZONS COMPLETELY
The distinction between the apparent and event hori-
zons can be so non-perturbatively extreme as to com-
pletely exclude event horizons.
In particular this is the logic underlying the physics
of the Bergmann–Roman [5], the Hayward [7, 8], and
the more recent Frolov [11] scenarios, in all of which the
apparent horizon is taken to be a topologically toroidal
surface, S1×S2, which does not intersect the always time-
like r = 0 world line. Some other models, such as that of
Ashtekar–Bojowald [6], are based on apparent horizons
that reach down to r = 0, (and so are topologically R×
4S2). Something more or less along these lines is also the
underlying gestalt for Hawking’s recent article [3], and
the models of Israel [12] and Bardeen [13].
VII. KILLING HORIZONS
Of course in static spacetimes and stationary space-
times the event, apparent, trapping, and Killing horizons
happen to coincide. Thereby, physical detectability of
apparent, trapping, and Killing horizons implicitly im-
plies the physical detectability of the event horizon; but
only for this restricted class of spacetimes. (See for ex-
ample the discussion in reference [26].) In non-stationary
spacetimes Killing horizons no longer exist, and the ap-
parent and trapping horizons need not, and typically will
not, coincide with the event horizon, even if one might
exist. Nor, as we have seen above, need any event horizon
even be “perturbatively close” to any apparent/trapping
horizon.
VIII. ADAFS
The empirical astronomical observation of “advection
dominated accretion flows” [36–39] is often interpreted
as evidence for the existence of event horizons — but
ADAFs cannot distinguish between event horizons and
apparent/trapping horizons. The key point is that one
observes the lack of bremsstrahlung as infalling matter
coalesces with the putative black hole — indicating that
the surface is not some solid/liquid/gas interface, but is
instead acting as some sort of “one way membrane” (at
least for the temporal duration of the observations). The
ADAF observations are thus suggestive of the presence of
some sort of horizon, but cannot be used to specifically
argue for the presence of event horizons.
IX. DISCUSSION
Perhaps surprisingly to non-relativists, there are very
many quite different types of horizon one can define. (At
the very least, one can define the event, apparent, trap-
ping, isolated, dynamical, evolving, causal, Killing, non-
Killing, universal, Rindler, particle, and putative hori-
zons, etcetera... [14–26, 28].)
Furthermore, the precise technical differences between
these horizons sometimes can (and often does) make a
physical difference in physically relevant and mathemati-
cally well-defined situations. Additionally, again perhaps
surprisingly to non-relativists, event horizons, (despite
their undoubted mathematical virtues in allowing one
to prove quite powerful general theorems [20] in classi-
cal general relativity), are in any dynamical context not
physically detectable by any finite-size laboratory or tele-
scope, severely curtailing their empirical usefulness.
So let us focus on issues that can at least in principle be
testable in a finite-size laboratory. The point is that while
event horizons are certainly properties of classical general
relativity (Schwarzschild spacetime, Kerr spacetime, and
their evolving generalizations, etcetera), there is little to
no evidence that event horizons survive the introduction
of even semi-classical quantum effects (let alone full quan-
tum effects). Event horizons are extremely delicate and
depend on global geometry — including what will hap-
pen in the infinite future. In contrast apparent horizons
or trapping horizons seem much more robust in this re-
gard — they depend on local or quasi-local physics and
are much more difficult to destroy. (Some authors prefer
to use the more general term “quasi-local horizons”.)
In particular, in somewhat different contexts, it has al-
ready been demonstrated that the presence of an event
horizon [40], or indeed any sort of horizon [41–43] is not
essential for Hawking radiation and “black hole evapo-
ration” to occur, and for that matter, in some non-GR
analogue spacetime contexts one can even dispense with
black hole entropy (Bekenstein entropy) [44–46].
The tangle of issues related (both directly and indi-
rectly) to these observations has significant implications
for all of black hole thermodynamics, and in particular
is central to the understanding of the endpoint of the
Hawking evaporation process [47–58].
ACKNOWLEDGMENTS
This research was supported by the Marsden Fund,
and by a James Cook fellowship, both administered by
the Royal Society of New Zealand.
[1] S. W. Hawking, “Black hole explosions”, Nature 248
(1974) 30.
[2] S. W. Hawking, “Particle creation by black holes”, Com-
mun. Math. Phys. 43 (1975) 199 [Erratum-ibid. 46
(1976) 206].
[3] S. W. Hawking, “Information preservation and weather
forecasting for black holes”, arXiv:1401.5761 [hep-th].
[4] S. W. Hawking, abstract of a talk given at the GR17
conference in Dublin, Ireland, 2004.
[5] T. A. Roman and P. G. Bergmann, “Stellar collapse with-
out singularities?”, Phys. Rev. D 28 (1983) 1265.
[6] A. Ashtekar and M. Bojowald, “Black hole evaporation:
A paradigm”, Class. Quant. Grav. 22 (2005) 3349 [gr-
qc/0504029].
[7] S. A. Hayward, “Formation and evaporation of regular
black holes”, Phys. Rev. Lett. 96 (2006) 031103 [gr-
qc/0506126].
[8] S. A. Hayward, “The Disinformation problem for black
holes”, gr-qc/0504037.
5[9] Matt Visser, “Black holes in general relativity”,
arXiv:0901.4365 [gr-qc].
[10] S. Hossenfelder and L. Smolin, “Conservative solutions
to the black hole information problem”, Phys. Rev. D 81
(2010) 064009 [arXiv:0901.3156 [gr-qc]].
[11] V. P. Frolov, “Information loss problem and a ‘black
hole’ model with a closed apparent horizon”, JHEP 1405
(2014) 049 [arXiv:1402.5446 [hep-th]].
[12] W. Israel, “A Massless Firewall”, arXiv:1403.7470 [gr-
qc].
[13] J. M. Bardeen, “Black hole evaporation without an event
horizon”, arXiv:1406.4098 [gr-qc].
[14] I. Booth, “Black hole boundaries”, Can. J. Phys. 83
(2005) 1073 [gr-qc/0508107].
[15] L. Andersson, M. Mars and W. Simon, “Local existence
of dynamical and trapping horizons”, Phys. Rev. Lett.
95 (2005) 111102 [gr-qc/0506013].
[16] B. Cropp, S. Liberati, and Matt Visser, “Surface gravities
for non-Killing horizons”, Class. Quant. Grav. 30 (2013)
125001 [arXiv:1302.2383 [gr-qc]].
[17] B. Cropp, S. Liberati, A. Mohd, and Matt Visser,
“Ray tracing Einstein-Æther black holes: Universal ver-
sus Killing horizons”, Phys. Rev. D 89 (2014) 064061
[arXiv:1312.0405 [gr-qc]].
[18] A. Krasinski and C. Hellaby, “Formation of a galaxy with
a central black hole in the Lemaitre–Tolman model”,
Phys. Rev. D 69 (2004) 043502 [gr-qc/0309119].
[19] A. D. Helfer, “Black holes reconsidered”,
arXiv:1105.1980 [gr-qc].
[20] S. W. Hawking and G. F. R. Ellis, The Large scale struc-
ture of space-time, Cambridge University Press, Cam-
bridge, 1973.
[21] G. F. R. Ellis and T. Rothman, “Lost horizons”, Ameri-
can Journal of Physics 61 (1993) 883–893.
[22] P. Bine´truy and A. Helou, “The apparent universe”,
arXiv:1406.1658 [gr-qc].
[23] C. W. Misner, K. S. Thorne and J. A. Wheeler, Gravita-
tion, San Francisco, 1973, 1279p.
[24] R. M. Wald, General Relativity, Chicago University
Press, 1984, 491p.
[25] J. B. Hartle, An introduction to Einstein’s general rela-
tivity, San Francisco, USA: Addison-Wesley (2003) 582p.
[26] Eric Poisson, A relativist’s toolkit: The mathematics
of black-hole mechanics, Cambridge University Press,
Cambridge, 2007. ISBN-13: 978-0521537803 ISBN-10:
0521537800
[27] Telos = causa finalis = final cause; the philosophical
term “teleology” is in common use when discussing the
foundations of science, but is considerably less common
within physics itself.
[28] A. B. Nielsen and Matt Visser, “Production and decay of
evolving horizons”, Class. Quant. Grav. 23 (2006) 4637
[gr-qc/0510083].
[29] R. M. Wald and V. Iyer, “Trapped surfaces in the
Schwarzschild geometry and cosmic censorship”, Phys.
Rev. D 44 (1991) 3719.
[30] I. Bengtsson and J. M. M. Senovilla, “The Region
with trapped surfaces in spherical symmetry, its core,
and their boundaries”, Phys. Rev. D 83 (2011) 044012
[arXiv:1009.0225 [gr-qc]].
[31] I. Bengtsson and J. M. M. Senovilla, “A Note on trapped
Surfaces in the Vaidya Solution”, Phys. Rev. D 79 (2009)
024027 [arXiv:0809.2213 [gr-qc]].
[32] A. Ashtekar and B. Krishnan, “Isolated and dynami-
cal horizons and their applications”, Living Rev. Rel. 7
(2004) 10 [gr-qc/0407042].
[33] S. A. Hayward, “Black holes: New horizons”, gr-
qc/0008071.
[34] V. P. Frolov and I. D. Novikov, Black hole physics: Basic
concepts and new developments, Fundamental theories of
physics # 96, (Springer [Kluwer], 1998), ISBN-13: 978-
0792351450 ISBN-10: 0792351452
[35] N. D. Birrell and P. C. W. Davies, Quantum Fields in
Curved Space, Cambridge University Press, Cambridge,
1984. ISBN-13: 978-0521278584 ISBN-10: 0521278589
[36] Marek Abramowicz and Chris Fragile, “Foundations
of black hole accretion disk theory”, Living Reviews
in Relativity 16 (2013) 1, doi:10.12942/lrr-2013-1,
http://www.livingreviews.org/lrr-2013-1.
[37] R. Narayan, I. V. Igumenshchev and M. A. Abramow-
icz, “Self-similar accretion flows with convection”, As-
trophys. J. 539 (2000) 798 [astro-ph/9912449].
[38] R. Narayan and J. E. McClintock, “Advection-
Dominated Accretion and the Black Hole Event Hori-
zon”, New Astron. Rev. 51 (2008) 733 [arXiv:0803.0322
[astro-ph]].
[39] R. Narayan, R. Mahadevan and E. Quataert, “Advec-
tion - dominated accretion around black holes”, astro-
ph/9803141.
[40] Matt Visser, “Essential and inessential features of Hawk-
ing radiation”, Int. J. Mod. Phys. D 12 (2003) 649 [hep-
th/0106111].
[41] C. Barcelo´, S. Liberati, S. Sonego, and Matt Visser,
“Minimal conditions for the existence of a Hawking-like
flux”, Phys. Rev. D 83 (2011) 041501 [arXiv:1011.5593
[gr-qc]].
[42] C. Barcelo´, S. Liberati, S. Sonego, and Matt Visser,
“Hawking-like radiation from evolving black holes and
compact horizonless objects”, JHEP 1102 (2011) 003
[arXiv:1011.5911 [gr-qc]].
[43] C. Barcelo´, S. Liberati, S. Sonego, and Matt Visser,
“Hawking-like radiation does not require a trapped re-
gion”, Phys. Rev. Lett. 97 (2006) 171301.
[44] Matt Visser, “Hawking radiation without black hole en-
tropy”, Phys. Rev. Lett. 80 (1998) 3436 [gr-qc/9712016].
[45] C. Barcelo´, S. Liberati, and Matt Visser, “Analogue grav-
ity”, Living Rev. Rel. 8 (2005) 12 [Living Rev. Rel. 14
(2011) 3] [gr-qc/0505065].
[46] Matt Visser, “Acoustic black holes: Horizons, ergo-
spheres, and Hawking radiation”, Class. Quant. Grav.
15 (1998) 1767 [gr-qc/9712010].
[47] A. Almheiri, D. Marolf, J. Polchinski, and J. Sully,
“Black holes: Complementarity or firewalls?”, JHEP
1302 (2013) 062 [arXiv:1207.3123 [hep-th]].
[48] A. Almheiri, D. Marolf, J. Polchinski, D. Stanford, and
J. Sully, “An apologia for firewalls”, JHEP 1309 (2013)
018 [arXiv:1304.6483 [hep-th]].
[49] S. L. Braunstein, “Black hole entropy as entropy of en-
tanglement, or it’s curtains for the equivalence principle”,
[arXiv:0907.1190v1 [quant-ph]]; published as:
S. L. Braunstein, S. Pirandola and K. Zyczkowski, “Bet-
ter Late than Never: Information Retrieval from Black
Holes”, Physical Review Letters 110 (2013) 101301.
[50] R. Bousso, “Complementarity is not enough”, Phys. Rev.
D 87 (2013) 124023 [arXiv:1207.5192 [hep-th]].
[51] Y. Nomura, J. Varela, and S. J. Weinberg, “Comple-
mentarity endures: No firewall for an infalling observer”,
6JHEP 1303, 059 (2013) [arXiv:1207.6626 [hep-th]].
[52] S. D. Mathur and D. Turton, “Comments on black
holes I: The possibility of complementarity”, JHEP 1401
(2014) 034 [arXiv:1208.2005 [hep-th]].
[53] T. Banks and W. Fischler, “Holographic space-time does
not predict firewalls”, arXiv:1208.4757 [hep-th].
[54] R. Brustein, “Origin of the blackhole information para-
dox”, arXiv:1209.2686 [hep-th].
[55] S. Hossenfelder, “Comment on the black hole firewall”,
arXiv:1210.5317 [gr-qc].
[56] K. Larjo, D. A. Lowe, and L. Thorlacius, “Black holes
without firewalls”, Phys. Rev. D 87 (2013) 10, 104018
[arXiv:1211.4620 [hep-th]].
[57] S. B. Giddings, “Nonviolent nonlocality”, Phys. Rev. D
88 (2013) 064023 [arXiv:1211.7070 [hep-th]].
[58] E. Verlinde and H. Verlinde, “Passing through the fire-
wall”, arXiv:1306.0515 [hep-th].
